A peptic ulcer is a chronic disease. Its main features are the incompetent defense of the mucosal and the existence of the gastric juice. The two most important factors that disrupt the balance between the acid and the mucus are the Helicobacter pylori infection (H. pylori) and Non-steroidal anti-inflammatory drugs (NSAIDs). The known treatments like proton pump inhibitors (PPIs) and histamine-2 (H2) receptor antagonists have demonstrated adverse effects and various drug interactions. So the desired approach nowadays is alternative therapies and the usage of herbal products. Boswellic acids provide a potential alternative to the treatment of non-steroidal anti-inflammatory drugs induced peptic ulcer.
Injurious factors are acid, pepsin (Borrelli and Izzo, 2000) , reactive oxygen species generation (Repetto and Llesuy, 2002) , leukotrienes, prostaglandin inhibitors (Wallace et al., 1990) , endothelins (Borrelli and Izzo, 2000) , and extracellular matrix (ECM) degradation in which matrix metalloproteinases (MMPs) play a vital role (Frankowski et al., 2012) ..
Most of the gastric lesions originate in a chronic infection of gastric mucosa with Helicobacter pylori (H.P). H.P is a universal human pathogen with asymptomatic stomach colonization in nearly 70% of the population, and approximately 10-20 % are susceptible to PU (Vitor and Vale, 2011) .
Under normal circumstances, the stomach can withstand highly concentrated hydrochloric acid, reflux bile salts, alcohol, and food with varying temperatures and osmolarities; because the mucosal layer of the stomach can repair rapidly the damage caused by the harmful influences. The production of PGs is found to modulate many aspects of the mucosal defense, thereby enhancing the resistance of the stomach layer (Nur Azlina et al. 2015) .
PGs of gastric epithelium and duodenum directly control the mucus and bicarbonate secretions, the mucosal blood flow, the proliferation of the epithelial cell, the epithelial restitution, and the mucosal immunocyte function (Wallace, 2000) . By the mechanisms mentioned above, the PGs defend the mucosal lining. However, nitric oxide (NO) can also carry the same function (Wallace and Tigley, 1995) . Thus, the suppression of PGs alone does not lead to damage to gastric mucosal (Langenbach et al., 1995) . Bioactive PGs production requires the enzyme cyclooxygenase (COX) either COX1 (constitutive) or COX2 (inducible). Aspirin and indomethacin are examples of pain killer drugs in the NSAIDs group. In short, NSAIDs will inhibit the enzyme COX no selectively (Nafeeza et al., 2002) , resulting in stunted PGs production (Shimada et al., 2004) .
Non-steroidal anti-inflammatory (NSAI) drugs induced peptic ulcer
One-third of patients who are permanently taking NSAIDs suffer from gastric or duodenal ulcers (Jones et al. 2008 ). Furthermore, the annual costs of direct and indirect NSAID-related adverse effects are estimated to exceed 7 billion $ in the United States (Delco et al., 2004) . Highly selective cyclooxygenase (COX)-2 inhibitors with an improved gastric tolerability profile have been developed (Silverstein et al., 2000) . However, severe cardiovascular adverse reactions and market withdrawals of some coxibs have reduced the initial enthusiasm for this new class of anti-inflammatory drugs (Farooq et al., 2008; Graham et al., 2005) .
On the other hand, Indomethacin has higher ulcerogenic potential than other NSAIDs. Thus it was considered as the drug of choice for gastric ulcer experimental induction (Suleyman et al., 2010) . Chatterjee et al., (2012) concluded that anti-ulcer parameters such as the levels of prostaglandin E, cyclooxygenase (COX) 1 and 2 enzymes, anti-inflammatory cytokines (interleukin (IL)-4 and -5), pro-angiogenic factors, vascular endothelial growth factor, hepatocyte growth factor (HGF), and endothelial growth factor (EGF) were down-regulated by indomethacin.
NSAID drugs causes damage to the stomach tissue by inhibiting the secretion of cytoprotective prostaglandin, mucus, and bicarbonate. It also increases stomach acid secretion . The COX-2 enzyme is responsible for the anti-inflammatory impact of indomethacin, while COX-1 enzyme inhibition is one of the reasons for the gastrointestinal toxic effects (Suleyman et al., 2007; Suleyman et al., 2010; Drini,2017) . Naito et al. (1998) reported that the amounts of malondialdehyde (MDA) and myeloperoxidase (MPO) have increased, as for the levels of glutathione and its enzymes, superoxide dismutase (SOD), catalase (CAT) have decreased in damaged stomach tissue. While for Albayrak et al. (2015) and Piao et al. (2018) have noted that that the Indomethacin has changed the oxidant-antioxidant balance in stomach tissue, which includes MDA, MPO, GST, SOD, and CAT.
Moreover, indomethacin caused a significant increase in the activation of nuclear transcription factor kappa B (NF-κB), matrix metalloproteinases-9 and−2, and the tissue inhibitor of metalloproteinase (TIMP)-1 and 2 (Singh et al., 2011; Ganguly and Swarnakar, 2012) .
NSAIDs disturb the mucus phospholipids. They also lead to the uncoupling of mitochondrial oxidative phosphorylation. So, they initiate the damage of the mucosa. When exposed to the acidic environment of pH 2, they become protonated and cross lipid membranes to enter epithelial cells, which have a pH of 7.4. Then they become ionized and release a proton. Then,NSAIDs are captured in the epithelial cells, thus cannot cross the lipid membrane, leading to the uncoupling of oxidative phosphorylation, decreasing the mitochondrial energy production, increasing the cellular permeability, and reducing the integrity of the cell. Patients, who have a history of peptic ulcers or hemorrhage (over 65 years, take high doses of NSAIDs, or use combinations of them) are at the highest risk of acquiring NSAIDs-induced ulcers. Those patients might also be using steroids or anticoagulants (Narayanan, 2018) .
There is indisputable evidence that other prostaglandin-independent mechanisms are also involved. These include the generation of reactive oxygen species (ROS), initiation of lipid peroxidation, and infiltration of neutrophils secondary to the production of inflammatory mediators such as tumor necrosis factor-alpha (TNF-α) and leukotrienes (Motawi et al., 2008) . This means that the suppression of PGs alone does not cause damage to the gastric mucosa. NSAIDs will inhibit the production of the enzyme COX (Nafeeza et al., 2002) , resulting in stunted PGs production (Shimada et al., 2004) .
Matrix metalloproteinase (MMPs), especially proMMP-2 (72-kDa gelatinase A), proMMP-9 (92-kDa gelatinase B), and their active forms are associated with gastric injury (Frankowski et al., 2012) . Although MMP-2 appears to be constitutively expressed by many cell types in culture, MMP-9 expression is induced during gastric ulcer development (Verma et al., 2014) . In addition, MMP-1, 3 are also up regulated in gastric and duodenal ulcers. Other studies reported that NSAIDs increase MMP-9 activity and suppress MMP-2 activity during gastric ulcers. In chronic HP infection , MMP-2 activity also gets up regulated with MMP-9 ( Wroblewski et al., 2010) . Thus, MMP-9 expression is crucial for the development of gastric ulcers, but MMP-2 may be involved in the turnover of gastric ECM. Cheng et al. (2012) reported the up regulation of MMP-1 and MMP-9 during H. pylori infection in cultured cells. Acetic acid-induced experimental ulcer also showed up regulation of MMP-9, but there was no significant change in the expression of MMP-2 (Cheng et al., 2004) .
Besides, the infection can also influence the up regulation of MMP-1, 2, 3, and 7, but the mechanisms and pathways are not yet well understood. In contrast, in Hydrogen Peroxide-mediated ulcers, MMP-2 activity expression gets down regulated (Ganguly et al., 2006 , Kar et al. (2010 demonstrated that Hydrogen peroxide alters the structure of MMP-2 by oxidation and catalytic domain inhibition. Singh et al., 2011 proclaimed that proMMP-9, along with pro and active MMP-2 gets up regulated in ethanol-induced gastric ulcers in experimental rats. Thus, the critical balance of MMP-9 and MMP-2 activities may be a determinant in the progression as well as the healing of gastric ulcers. However, the functional overlap between the MMPs leads to nonspecificity, which makes designing MMP inhibitors more difficult. Thus, specific MMP inhibitors would be a promising therapeutic tool against inflammatory diseases, including gastric disorders (Chakraborty et al., 2012) .
NSAIDs intake is associated with a high prevalence of gastrointestinal or cardiovascular adverse effects. All efforts to develop NSAIDs that spare the digestive tract and the cardio-vasculature are still far from achieving a breakthrough (Abdel-Tawab, 2011) . Many studies showed micronized NSAIDs, at low dosages using nanotechnology, can increase the drug level and increase absorption and can have the best effect at the lowest dose and reduce the risk of side effects (Balakheyli etal,2019)
Conventional drugs for peptic ulcer disease
Proton pump inhibitors (PPIs) are among the most commonly used and overprescribed medications in the world (Spechler, 2019) . The side effects of the PPIs, such as headache, diarrhea, nausea, abdominal pain, and constipation, are minor and easily managed. However, recent studies have suggested an association between PPI use and several serious adverse effects, which has been a source of significant concern to patients and physicians.
Some of the adverse effects of PPIs are related to their suppression of gastric acid secretion, allowing ingested microbial pathogens that would have been destroyed by gastric acid to colonize the upper gastrointestinal tract and cause infections. Reports are suggesting that the use of PPIs might increase the risk of enteric diseases such as Salmonella and Campylobacter, community-acquired pneumonia (Lambert et al., 2019) , Clostridium complicated infections (Kwok et al., 2012) , and spontaneous bacterial peritonitis (Deshpande et al.,2013) . Ghebremariam et al. (2014) mentioned that there is a dramatic increase in reports of miscellaneous unanticipated adverse effects of PPIs over the past several years, such as myocardial infarction, stroke, eosinophilic esophagitis acute, and chronic kidney disease. Many pathophysiological hypotheses have been proposed to explain cardiovascular events, renal failure, and neurological defects potentially induced by PPIs. Gilard et al. (2006) suggested the decreased production of nitric oxide and altered vascular homeostasis. Kheloufi et al., (2018) pointed out the three primary mechanisms that could conduct to high vascular risk, nephrotoxicity, and dementia, they are i) increase of endothelial senescence, ii) endothelial dysfunction, and iii) lysosomal acidification impairment associated with impaired proteostasis. Yepuri et al. (2016) announced that using human endothelial cells in the chronic exposure of esomeprazole led to endothelial senescence linked to telomere attrition and oxidative stress. Furthermore, nephrotoxicity of PPIs could be due to defects of lysosomal acidification, proteostasis, and hypomagnesemia, causing oxidative stress and leading to renal endothelial cell dysfunctions.
The increased frequency of cardiovascular events, while using Clopidogrel with PPIs, can be the result of the drugs competing for metabolism by CYP2C19, although there is a possibility that PPIs might have cardiovascular effects that are independent of their effects on clopidogrel activation by the mechanism of decreasing the production of nitric oxide, which alters the vascular homeostasis. The clinical importance of the interaction remains disputed, but the Food and Drug Administration (FDA) has issued warnings to avoid using omeprazole or esomeprazole with clopidogrel. (Arif, 2017).
PPI-induced hypergastrinemia in humans generally is mild, and rarely causes carcinoid tumors in human patients unless they have a genetic abnormality. Not to mention, PPI usage might protect against cancer in Barrett's esophagus, since PPIs heal the chronic esophageal inflammation of reflux esophagitis, which is a risk factor for the development of malignancy (Laine et al., 2000) .
Gastric acid inhibition by PPIs also can affect the uptake of specific vitamins, minerals, and medications. There are reports of patients on PPIs developing vitamin B12 deficiency and iron deficiency anemia (Lam et al., 2013) . Additionally, PPIs might increase the risk for osteoporosis and bone fractures by interfering with the ionization and solubilization of the calcium salts that are required for their absorption (Koivisto et al., 2005) . PPI-induced gastric acid suppression decreases ketoconazole absorption and facilitates the absorption of digoxin as well (Lanas, 2016; Lew, 1999) .
In such a manner, investigations of the new pharmacologically active agents through screening different plant extracts led to the discovery of effective and safe drugs with gastroprotective activity. Mainly, plants with antioxidant capability as the primary mechanism are used as the herbal reservoir for the treatment of ulcer disease (Palle et al., 2018) .
It is known that numerous pharmaceutical agents such as proton pump inhibitors, anticholinergics, antacids, antimicrobial agents, H2-receptor antagonists, sucralfate, and bismuth are not sufficiently active. They also produce numerous adverse effects such as impotence, arrhythmia, hematopoietic alterations, hypersensitivity, and gynecomastia (Chanda et al., 2011; Palle et al. ,2018) . Medicinal plants are the primary source of new drug candidates for the treatment of gastric ulcers. The medicines are considered safer because of the natural ingredients with no or fewer side effects. The usage of medicinal plants in healing numerous diseases is as old as human beings and well-known as phytotherapy. Moreover, in the past few years, there has been a rising interest in alternative therapies and the usage of herbal products, in particular, those produced from medicinal plants (Rates, 2001; Falcão et al.,2008) .
Medicinal plants are widely used to treat different life-threatening ailments. Traditional herbal medicine has not only an essential role in healing but also contributes to the research on the development of most pharmaceutically important metabolites from plants, which are helpful to produce drugs on a commercial scale. Buyel (2018) noted that 90% population of developing countries depends on medicinal plants for primary health care and medicines.
Boswellic acid
Boswellia species resin holds about 60-80% alcohol-soluble resin, 15-20% water-soluble gum, and 5-7% essential oil. Also, polysaccharides fraction and polymeric substances are present to a limited extent. There are various active phytocompounds found in Boswellia species. The quantity and quality of these compounds change from species to species, which make the species different from another. The reasons behind these differences are related to the climate, harvesting time, and geographical conditions (Ammon, 2011).
Traditional medicine used Oleo-gum-resin of Boswellia serrata (BS) in the treatment of inflammatory diseases. Also, the standard oleo-gum-resin generally consists of terpenoids, phenolic compounds, flavonoids, triterpenoid principles, essential oils, and carbohydrates. The pentacyclic triterpenic acids isolated from the oleo gum resin of various Boswellia species are collectively called as Boswellic acids (BA). The resin has attracted pharmacological interest for its therapeutic potential against arthritis, asthma, colitis, Crohn's disease, and cancer. It is considered a promising alternative to the non-steroidal anti-inflammatory drug ( Moussaieff and Mechoulam, 2009; Morikawa et al.,2017 ; Bertocchi et al. 2018 ).
Boswellic acids have long been considered the main bioactive components of frankincense, and many studies in vitro, in vivo, as well as clinical studies have confirmed their massive bioactive spectrum like their anti-inflammatory and antitumor activities. However, not every BA exhibits a satisfactory pharmacological performance, which depends on the chemical structure and functional groups of the acid. The way to enhance the pharmacological values of Boswellic acids is derivatization to discover more active by-products. However, the preliminary pharmacokinetic studies of these compounds using various standard methods show their poor bioavailability in humans and rodents, which limit their use in clinical practice and pharmaceutical development. Fortunately, some approaches have shown some improvements, and the new formula compatibility advance is considered a very reasonable method for improving the bioavailability of BAs (Du et al., 2015) .
The physicians and nutritionists have an interest in frankincense due to the therapeutic qualities of its gum resin and essential oil. It has a broad range of medicinal properties. Both gum resin and essential oil of various species of Boswellia like B. Serrata and B. carterii have been used to make a remedy to treat rheumatic and inflammatory diseases (Iram et al., 2017) . Furthermore, there are several reports related to the use of extracts and essential oils of frankincense gum resin as an antibacterial and antiseptic in mouthwash as well as in remedy used to treat asthma and coughs (Banno et al., 2006) . Various studies have described the anticancer, immunomodulatory, antiinflammatory, antimicrobial, anti-diabetic, and antiviral activities of several Boswellia (Sabra et al., 2014 ) .In contrast, other reports indicated an insignificant effect of B. Serrata in persistent diseases (Holtmeier et al.,2010) .
Pharmacological properties of Boswellia acids
Early studies suggested that the anti-inflammatory activity of Boswellia acids is due to interference with the production of leukotrienes, which play a vital role in the pathogenesis of inflammation (Husch et al., 2013) . BAs selectively inhibit the key enzyme of leukotriene synthesis, 5-lipoxygenase (Mostafa et al., 2017) . Abdel-Tawab et al. (2011) found that other BAs such as b-BA could also play an important role, targeting the microsomal prostaglandin E2 synthase-1 as well as cathepsin G. Side effects of BAs include abdominal discomfort, nausea, epigastric pain, hyperacidity, and diarrhea (Gupta et al.,1998 ) . Boswellic acid from B. Serrata has similar effects of NSAIDs, but with a different mechanism of action than those of the conventional NSAIDs (Safayhi et al., 1997) . Abdel-Tawab et al. (2011) indicated that many pharmacokinetic studies had confirmed the fact that the bioavailability of BAs, especially KBA and AKBA, is low due to the hindered systemic absorption, both in animals and in humans. In this context, Sterk et al. (2004) mentioned the beneficial effects of a fatty meal on the bioavailability of BAs combined with the improvement of absorption lately reported for a novel lecithin formulation of curcumin. It encouraged the researchers to compare the bioavailability of BAs in a soy lecithin formulation of the extract of B. Serrata with the unformulated extract. Husch et al. (2013) reported that a new data on the tissue distribution of BAs were provided through measurement of the concentration of the six primary BAs in plasma as well as in different organs (brain, muscle, eye, liver, and kidney). The lecithin formulation exhibited a significant improvement in the absorption of BAs, leading to an increase in their tissue penetration. The concentration of these compounds in the questioned organs was in the same range to have the effect of their anti-inflammatory activity. So, these concentrations can establish the pharmacological actions of BAs, which in return, encourage further testing on humans. Several investigations have indicated that AKBA is the most active inhibitor of 5-LOX, an important enzyme to regulate cellular inflammation. The boswellic acid from B. carterii reduced inflammatory mediator's synthesis and restricted the formation of the leukotrienes by affecting 5-LOX (Safayhi et al., 1996) . Boswellic acid inhibits either by direct react with 5-LOX or blocks its translocation. Since its Low production of leukotriene is the main target achieved as an anti-inflammatory agent. Additional, comprehensive inquiries exhibited Boswellia acids as non-redox inhibitors, which might provide a site for pentacyclic triterpenes on 5-LOX (Roy et al, 2019) . Henkel et al. (2015) demonstrated that the anti-inflammatory mechanism of BAs was related to the inhibition of antimicrobial peptide LL-37. Thus, BAs could be used as a potential drug to interfere with LL-37 and related diseases. Li et al. (2016) used frankincense oil extract (FOE) and its active components α-pinene, linalool, and 1octanol to treat ear edema model and formalin inflamed posterior claw model mice. The results showed that they could significantly reduce swelling and pain and had potent local anti-inflammatory and analgesic effects. The possible mechanism is to inhibit the inflammatory infiltration induced by nociceptive stimulation and overexpression of cyclooxygenase-2 (COX-2). Boswellic acids also showed inhibition of prostaglandin, 12 lipoxygenase, cytokines, and p-glycoprotein (Poeckel and Werz 2006) It has been confirmed that AKBA can regulate the activity of human collagenase MMP-1, MMP-2, and MMP-9. Therefore, the direct inhibition of MMP activity and the inhibition of MMP secretion may be one of the mechanisms of frankincense in the treatment of chronic skin ulcers (Liang et al., 2009 ). Singh et al. (2008) concluded that BA inhibits ulcer production non-specifically in all the experimental models: pyloric ligation, ethanol/HCl, indomethacin, cold restraint stress, acute, and chronic acetylsalicylic acid. It is possible that BA might be acting by increasing the gastric mucosal resistance and local synthesis of cytoprotective prostaglandins and inhibiting the leukotriene synthesis. Also, alpha-boswellic acid (α-BA), proved to be gastroprotective in ethanol-induced gastric injury in rats (Zhang et al., 2016) . Riva et al. (2017) concluded that Boswellia serrata extracts have long been used for the treatment of musculoskeletal disorders, given their marked anti-inflammatory activity and their ability to promote tissue regeneration. Casperome, a lecithin-based formulation of Boswellia serrata extract, was effective in the treatment of Achilles tendonitis, epicondylitis, radiculopathies, ankle sprains, and sports injuries. All studies were consistent in showing a prompt decrease of pain and improvement of the functionality of the affected area after supplementation without any relevant adverse effect. Remarkably, these symptomatic improvements were paralleled by reduced plasmatic levels of inflammatory markers and by a diminished need for rescue analgesics.
Moreover, Forouzanfar (2016) stated that B. Serrata extracts prevent the increase of MDA levels, a marker of lipid peroxidation, and also increase GSH content and SOD activity in the cortex, which suggests antioxidant properties for B. Serrata after cerebral ischemia. Umar et al. (2014) proved that BA was effective in bringing significant changes to articular elastase, MPO, LPO, GSH, catalase, SOD And NO. Oral Administration of BAs Resulted in relatively reduced levels of IL-1, IL-6, TNF, IFN, PGE2, and the number of leucocytes. On the other hand, it showed an increased level of IL-10 and changed the electrophoretic pattern of the synovial fluid protein. Also, the author stated that the anti-inflammatory actions of BAs are due to the inhibition of leukotriene synthesis via 5-LOX; however, it has no effect on the activities of 12-LOX and the COX enzymes. Likewise, peroxidation of arachidonic acid by iron and ascorbate was also not impaired by BAs. B. Serrata extract is used in the treatment of chronic polyarthritis, as well. Kokkiripati et al. (2011) confirmed the antioxidant and antithrombotic anticoagulant activities of water and hydroalcoholic extracts of Boswellia Serrata's gum resin.
BAs affect the cellular defense system by interaction with the production and release of cytokines. Thus, BAs inhibit activation of NFκB, which is a product of neutrophile granulocytes. Ammon, (2010) reported the downregulation of TNF-α and decrease of IL-1, IL-2, IL-4, IL-6, and IFN-γ, which are pro-inflammatory cytokines, by BAs. Moreover, the anti-inflammatory actions of BAs are caused by different mechanisms of action. They include inhibition of leukotriene synthesis, 5-lipoxygenase human leukocyte elastase, topoisomerase I, and II, IκB kinases, and prostaglandin synthesis. Furthermore, inhibition of the complement system at the level of conversion of C3 into C3a and C3b. A significant target of BAs is the immune system. BAs have been shown to decrease the production of pro-inflammatory cytokines, including IL-1, IL-2, IL-6, IFN-γ, and TNF-α, which finally are directed to destroy tissues such as cartilage, insulin-producing cells, bronchial, intestinal and other tissues (Ammon, 2016; Iram et al., 2017) .
The complex actions of BAs in inflamed areas may be completed by some effects that are localized behind the inflammatory process as tissue destruction. In this case, BAs suppress the proteolytic activity of cathepsin G, human leukocyte elastase, the formation of oxygen radicals, and lysosomal enzymes. BAs act on a variety of targets specifically on 5-LOX, topo-isomerases, angiogenesis, and cytochrome p450 enzymes. Besides, depending on the type of cell affected, BAs may stimulate or inhibit mitogen-activated protein kinase (MAPK), especially p38 (Ammon, 2016; Iram et al., 2017) . Khosravi et al. (2011) conducted a double-blind, randomized clinical trial to assess the efficacy of Boswellia in moderate plaque-induced gingivitis. They reported that Boswellia extract and powder could decrease the inflammation of periodontium associated with plaque-induced gingivitis due to their anti-inflammatory effects produced through multiple mechanisms. In other clinical trials, B. Serrata has also shown fair to excellent anti-inflammatory results in 88% of the patients, with no adverse side effects. It has also been reported that pure compounds from B. Serrata extract act as anti-inflammatory agents in human peripheral blood mononuclear cells (PBMCs) and mouse macrophages via inhibition of TNF-alpha, IL-1beta, NO and mitogen-activated protein (MAP) kinases (Gayathri et al., 2007) . Siemoneit et al. (2011); Verhoff et al. (2014) stated that the inhibition of prostaglandin (PG) synthesis is one of the primary mechanisms by which pharmaceutical agents produce their anti-inflammatory effect. Furthermore, they declared that BAs inhibit microsomal prostaglandin E2 synthase (mPGES)-1, which is an inducible enzyme belongs to three isoforms of PGE2 synthases and is responsible for the conversion of PGH2 to PGE2, which is the terminal enzyme in the biosynthesis of prostaglandin (PGE2) from cyclooxygenase (COX)-derived PGH2. Ammon (2010) described that the Inhibition of prostaglandin synthesis seems to play only a minor role as far as the anti-inflammatory effect of BAs is concerned. Contrary to this, the inhibition of 5-LOX by BAs decreases the production of leukotrienes. The scientific community has given that mechanism a considerable amount of attention since a variety of chronic inflammatory diseases are associated with increased leukotriene activity. Also, he stated that as compared to non-selective or cox-2-selective NSAIDs, mPGES-1 inhibitors would not damage the gastric mucosa, kidneys, or increase the risk for atheroma and vascular events. Indeed, such inhibitors might have a favorable impact on vascular health (save in the immediate aftermath of myocardial infarction). Therefore, the clinical dose of Boswellia acids, that are safe, also inhibits mPGES-1, are of significant importance. The possibility that these safe, natural and affordable agents used for centuries in traditional medicine may be useful for the prevention of cancer, vascular disease, and AD, while also aiding control of pain and inflammation, is exciting indeed. However, when it comes to comparing the efficacy of Boswellia acids as an anti-inflammatory agent, which lowers the PGE2 by inhibiting the mPGES-1 with indomethacin, we will find that BAs are less potent, but suppress the exudate formation and infiltration of inflammatory cells, nonetheless (Ammon, 2010).
BAS (ß-BA.Acetyl-ß-BA;11-Keto-ß-BA) showed gastric ulcer protective effects in different experimental models (Singh et al., 2008) . Boswellia serrata extract (BSE) containing 3-acetyl-11-keto-β-boswellic acid (AKBBA) with β-boswellic acid (BBA)were administered to 45 patients of osteoarthritise for 120 days significantly improved the physical function of the patients by reducing pain and stiffness compared with placebo. Radiographic assessments showed improved knee joint gap and reduced osteophytes (spur) confirming the efficacy of BSE (Majeed etal, 2019) .
More that 100-folds higher plasma concentrations have been determined for β-Boswellic acid, which inhibits microsomal prostaglandin E synthase-1, and the serine protease cathepsin G. Then, these two enzymes might be reasonable molecular targets related to the anti-inflammatory properties of BSE(Abdel-Tawab, 2011)..
Given the results of clinical trials and the experimental data from in vitro studies of BSE, and the available pharmacokinetic and metabolic data on Boswellic acids, it underlines BSE as a promising alternative to NSAIDs, which warrants investigation in further pharmacological studies and clinical trials (Abdel-Tawab, 2011) .
Nitric oxide (NO) is a mediator not only of gastrointestinal mucosal defense but also of its damage (Calatayud et al., 2001) . The stomach produces NO by constitutive enzyme isoform (cNOS), which is cytoprotective. It produces another isoform, which is cytotoxic, by the inducible enzyme. In general, the endothelial and mucosal NOS isoforms produce low amounts of NO. However, the high quantity of NO produced by iNOS can damage the epithelium (Wallace & Miller, 2000) . On the other hand, a low concentration of NO derived from cNOS is involved in mechanisms maintaining the integrity of the gastric epithelium. More than that, it regulates gastric blood flow and directly stimulates gastric mucus secretion by activating soluble guanylate cyclase (Cho, 2001) . Lanas (2008) assumes that the protective effect of NO is due to the inhibition of activation, adhesion, and migration of leukocytes in the inflammatory area. Konturek et al. (2000) concluded that the increased production of NO, due to the overexpression of iNOS, is one of the mechanisms by which NSAIDs damages the gastric mucosa. Moreover, Motawi et al. (2008) reported that indomethacin decreases tissue cNOS-derived NO and increases iNOS-derived NO. Maity et al. (2009) reported that the reduction of constitutive nitric oxide synthase(cNOS) activity and overexpression of inducible nitric oxide synthase (iNOS) mediates the increased ulcerogenic response to indomethacin. Water extract of Boswellia serrata inhibits the LPS induced NO production by the activated rat peritoneal macrophages and show hepato-protective and reno-protective property. LPS-induced expression of inducible nitric oxide synthase (iNOS) was selectively inhibited by those BAs that interfered with LPS activity (Henkel et al., 2012) . Hartmann et al. (2014) stated that the nitric oxide levels and the expression of inducible nitric oxide synthase (iNOS) showed a significant increase in the colitis group compared to control groups (p < 0.01). Both pretreatment and treatment with B. Serrata exhibited significantly reduced lipid peroxidation, nitric oxide, iNOS. It also showed improvements in tissue injury and anal sphincter pressure in animals with ulcerative colitis. The B. Serrata extract has protective anti-inflammatory and antioxidant effects that inhibit inflammatory mediators in acute experimental colitis. These results indicate that iNOS is expressed in the ulcer bed and that iNOS activity may play beneficial roles in the ulcer repair process, possibly by regulating inflammation (Hartmann et al., 2014) . Wang et al., (2015) , found that β-BA significantly increases nitric oxide (NO) and cyclic guanosine 3', 5'-monophosphate (cGMP) levels in carotid aortas in blood static rats. These findings provide convincing evidence for the protective effects of β-BA on blood stasis induced endothelial dysfunction by the eNOS signaling pathway. In an attempt to assess the antiulcer properties of BAs, a study on the gastro-protective role of α-BA was performed in ethanol-induced gastric injury in rats. The findings demonstrated that α-BA decreased ethanol administration related injuries, gastric juice acidity, and the development of MDA, and improved CAT activity along with SOD activity and the level of NO and PGE-2 (Zhang et al.,2016)
Pharmacokinetic Properties of Boswellic Acids
BAs are the chief bioactive element of frankincense gum resin extract of Boswellia serrata are known for their anti-inflammatory effects. However, they suffer from poor bioavailability because of their hydrophobicity and poor water solubility. Various studies have established their bioactivities. However, to develop it as a successful candidate drug, its pharmacokinetic properties must be considered accurately. In this regard, the studies conducted have exhibited poor pharmacological performance. Both KBA and AKBA are extremely lipophilic drugs, which result in reduced absorption through the GIT, but they also exhibit high retention time. Preliminary pharmacokinetic studies have shown minimal concentrations of both AKBA and KBA in human plasma after administration of BSE (Iram et al., 2017) . Gerbeth et al. (2013) found that KBA and AKBA were absorbed in the intestinal tracts by passive diffusion and active transport absorption related to enzymes. AKBA is more active in vitro studies than KBA but undergoes much less absorption than KBA. However, a high-fat meal increases the absorption of both when taken toegther more than twice. There are a variety of chronic inflammatory diseases that respond to treatment with extracts from the resin of Boswellia species. Although the number of cases is small, their results are convincing and supported by the preclinical data. These studies include rheumatoid arthritis osteoarthritis, chronic colitis, ulcerative colitis, collagenous colitis, Crohn's disease, and bronchial asthma. We cannot expect that it would be a cure for these diseases but at least an improvement of symptoms in about 60-70 % of the cases. The number and severity of side effects are deficient. The mostreported complaints are gastrointestinal symptoms. Allergic reactions are rare. Moreover, most authors report that treatment with BEs is safe, and the registered side effects in BE-and placebo groups are similar (Ammon, 2016).
Also, the elimination half-life of 11-Keto β-Boswellic acid (KBA), is reported to be approximately six hours. The patient should take BAs every six h p.o. to achieve maximum plasma levels. Further, he must take the BAs with a fatty meal as it significantly increases their plasma concentration (Skarke et al., 2012) .
Some studies have proved that the administration of Boswellia extracts in a lecithin delivery form markedly enhance the serum levels and subsequent tissue deposition of BAs (Sharma et al., 2010) . The study noted that the use of phospholipidsbased delivery systems enhanced absorption while reduces variability (Husch et al., 2012) . Sharma et al. (2010) used a complexation technique to improve the pharmacokinetic profile, especially their poor absorption through the intestine for better bioavailability. The complex of BAs with phosphatidylcholine enhanced the uptake. The obtained results revealed significantly improved absorption property of the complex concerning BA, due to its amphiphilic nature. Because of the improved pharmacokinetic and enhanced bioavailability, the complex showed better anti-inflammatory and hypolipidemic activity. It established the superiority of the complex over plain BA.
Several studies clearly demonstrate the detection of six primary BAs namely α-Boswellic acid, β-Boswellic acid, acetyl-α-Boswellic acid, acetyl β-Boswellic acid, 11keto-β-Boswellic acid, 3-O-acetyl-11 keto-β-Boswellic acid in tissues of rats following the oral administration of 240 mg/kg Boswellia (86.97 mg/kg total BAs) (Husch et al., 2013) . BAs undergo extensive metabolism that accounts for their poor bioavailability in vivo. Phase one metabolism in the liver appears to be the major metabolic pathway for KBA, α, and β-BA. Mono or polyhydroxylated derivates are the predominant metabolites of these BAs. Metabolism took place in non-acetylated BA, while the acetylated forms (AKBA, Acetyl-β-Boswellic acid, and Acetyl-α-Boswellic Acid) are resistant (Gerbeth et al.; . Shah et al. (2009) concluded that the metabolic pathway of AKBA is different from KBA as it deacetylates to a minor extent to yield KBA.
In spite of Low bioavilability of BAs,several human clinical trials using suitable doses provide improvement in different clinical application (table-1) Asthma C (300 mg)/↓eosinophilic count and ESR* Gupta,etal,1998 Abbreviations:a= BA in combination with curcumin; b = 5-Loxin, a novel Boswellia serrata extract enriched with 30% AKBA; c = BA in combination with methylsulfonylmethane; d= Boswellia serrata extract H15;A= Phase I; B = Phase II; C = NA, HDL = high density lipoprotein; ESR= erythrocyte sedimentation rate.
